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(54) Process for producing multilayer wiring boards 

(57) An improved process for produdng a multilayer 
wiring board that has a plurality of conductor patterns 
(2) and an interlevel dielectric layer (3) on at least one 
surface of a substrate (1), with via holes (5) or trench- 
like channels (8) being provided at specified sites of 
said interlevel dielectric layer (3) to establish an electri- 
cal interconnection between said conductor patterns 
(2), characterized in that prior to the provision of said via 
holes (5) or trench-like channels (8), a coating (4) hav- 
ing resistance to sandblasting is formed in a pattern 
over the interlevel dielectric layer (3) and then sand- 
blasting is performed to remove the interlevel dielectric 
layer (3) in selected areas to form the via holes (5) or 
trench-like channels (8) and, thereafter, the coating (4) 
having resistance to sandblasting is removed, followed 
by the provision of a conductive layer (7). 
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Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

This invention relates to a process for producing multilayer wiring boards. More specifically, the invention relates to 
a process for producing multilayer wiring boards of a "build-up" type having via holes or trench-like channels which have 
been formed by removing interlevel dielectric layers in selective areas to provide electrical interconnections of more 
10 than one level of conductor patterns. 

Description of Relevant Art 

With the recent advances electronic technology, efforts are being made to increase the degree of integration in 
15 electronic devices such as computers and to achieve faster calculating operations. Multilayer wiring boards are not an 
exception and those which permit high-density wiring or packaging are in demand; it is known that this requirement can 
be satisfied by multilayer wiring boards of the build-up type having via holes or trench-like channels for establishing an 
el ctrical connection between a first and a second level of conductor pattern. 

Two typical examples of a an earlier technology multilayer wiring board fabricated by the build-up procedure are 
20 shown in Rgs. 6 and 7. A substrate 21 is overlaid with a first level of conductor pattern 22 which, in turn, is provided with 
a photosensitive resin layer (interlevel dielectric layer) 23 that is formed by screening or otherwise patterning an electri- 
cally insulating ceramic paste composition: the interlevel dielectric layer 23 is exposed by photolithography, developed 
and selectively etched away to form via holes 25; thereafter, electro- or non electroplating is performed to provide a con- 
ductive layer 26 within each via hole 25 or as a coextensive mass that fills each via hole 25 and the interlevel dielectric 
25 layer 23; subsequently, a second level of conductor pattern (not shown) is formed such that it is electrically connected 
to the underlying first level of conductor pattern 22. 

The multilayer wiring boards fabricated by this earlier technology method have several problems. Rrst, high-defini- 
tion boards of suffidently small feature sizes are not attainable if the interlevel dielectric layer is made of ceramic mate- 
rials. Secondly, if the light-sensitive resin layer is employed, via holes will be formed that either have a rectangular cross 
30 section with vertical sidewalls (see Rg. 6) or tend to experience side etching by the liquid developer used in photolithog- 
raphy (see Rg. 7). In either case, the throwing power of the electro- or nonelectroplating technique employed to provide 
the conductor layer 26 within the via holes 25 or over the interlevel dielectric layer 23 is not satisfactory (no uniform plate 
is deposited) as shown in Figs. 6 and 7 (see the encircled area A) and conduction failure will sometimes occur. This 
problem could be dealt with by sufficientiy increasing the amount of electroless plate deposit to prevent short-circuiting 
35 but. on the other hand, the weight of the substrate will increase unavoidably, making it difficult to produce high-density, 
high-definition multilayer wiring boards. 

With a view to forming a multilayer wiring board of high reliability using a smaller amount of electroless plate 
deposit, it has been proposed that resin particles soluble in an oxidizer be contained in a photosensitive resin layer 
slightly soluble in the oxidizer, with the resin particles being dissolved out by the action of the oxidizer, whereupon the 
40 interlevel dielectric layer is roughened to provide better adhesion to a conductive layer. This technology may be found ; 
in Unexamined Published Japanese Patent Application (kokai) No. 215623/1994. In tills patent, sti-ong acids such as 
chromic acid are used as the oxidizer in the roughening of the surface of the interlevel dielectric layer, but this is not 
' preferred on account of the adverse effects that will be caused on the operating personnel and the substrate. 

Recent environmental considerations require photosensitive resins that permit the use of dilute aqueous- alkali 
45 solutions as the liquid developer and Unexamined Published Japanese Patent Application (kokai) No. 1 96856/1994 has 
proposed a photosensitive resin that is rendered developable with a dilute aqueous alkali solution by introducing car- 
boxyl groups. However, the so modified light-sensitive resin is prone to suffer a decrease in insulation resistance and 
heat resistance, with occasional shorts: Hence, it has been difficult to realize multilayer wiring boards of high reliability 
by the proposed method. In addition, if an interlevel dielectric layer is made of this modified light-sensitive resin, it can- 
so not withstand heating to temperatures higher tiian about 140 **C and it is also difficult to realize high peeling strength; 
therefore, if the interlevel dielectric layer made of this light-sensitive resin is used in modern versions of high-density wir- 
ing boards, problems such as Making and chipping often occur due to damage of tiie interlevel dielectric layer. 

Another approach that has been proposed is to make an interlevel dielectric layer of a thermosettable heat-resist- 
ant epoxy resin blended with an inorganic filler and then form via holes by means of a high-power laser such as a CO2 
55 gas laser or an excimer laser However, in addition to the high equipment cost, the via holes formed have a rectangular 
cross section and conduction failure may occasionally occur even if a conductor layer is provided within each via hole; 
as a further problem, the sidewalls of the via holes are so smooth that the required adhesion to the applied conducive 
layer is not achieved. 
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SUMMARY OF THE INVENTION 

The object of the invention is to provide a multilayer wiring board at low-cost that features good adhesion between 
an interleve! dielectric layer and a conductive layer, that has high heat resistance, that presents no environmental haz- 

5 ard and which yet has high reliability. 

Thus, according to the invention, there is provided a process for producing a multilayer wiring board that has a plu- 
rality of conductor patterns and an interlevel dielectric layer on at least one surface of a substrate, with via holes or 
trench-like channels being provided at specified sites of said interlevel dielectric layer to establish an electrical intercon- 
nection between said conductor patterns, wherein prior to the provision of said via holes or trench-like channels, a coat- 

10 ing having resistance to sandblasting is formed In a pattern over the interlevel dielectric layer and then sandblasting is 
performed to remove the interlevel dielectric layer in selected areas to form the via holes or trench-like channels and, 
thereafter, the coating having resistance to sandblasting is removed, followed by the provision of a conductive layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

75 

Figs. 1A - 1F show the respective steps involved in the production of a multilayer wiring board according to an 
embodiment of the invention; 

Figs. 2A - 2G show the respective steps involved in the production of a multilayer wiring board according to an 
embodiment of the invention; 

20 Figs. 3 A - 3G show the respective steps involved in the production of a multilayer wiring board according to yet 
another embodiment of the invention; 

Rgs. 4 A - 4G show the respective steps involved in the production of a multilayer wiring board according to a further 
embodiment of the invention; 

Figs. 5A ■ 5G show the respective steps involved in the production of a multilayer wiring board according to a still 
25 further embodiment of the invention; 

Fig. 6 shows an example of the multilayer wiring board produced by a prior art method: and 
Rg. 7 shows another example of the multilayer wiring board produced by the prior art metiiod. 

DETAILED DESCRIPTION OF THE INVENTION 

30 

Preferred embodiments of the invention process for producing multilayer wiring boards will now be descried with 
reference to accompanying drawings. 

Rgs. 1 A - 1 F show an embodiment of the process. Rrst. as shown in Fig. 1 A. a substrate 1 is provided and a con- 
ductor pattern 2 is formed in a thickness of about 1 - 200 \i m on the substrate 1 . followed by the provision of an over- 

35 lying interlevel dielectric layer 3. 

The substrate 1 may be an insulating substrate selected form among various types which include, but are not lim- 
ited to, glass-epoxy resin laminates, glass cloth-bismaleimide triazine resin laminates, glass cloth-poly imide resin lam- 
inates, paper-phenolic resin laminates, paper-cresol resin laminates, paper-phenolic novolak epoxy resin laminates and 
paper-cresol novolak epoxy resin laminates. If desired, the surface of the substrate 1 may be roughened. 

40 The conductor pattern 2 is typically formed of a conductive material such as Cu, Al, Ag, Au or Ni and can be pro- 
vided by any known means. In the present invention. Cu and Ai are preferred since they have a certain degree of elas- 
ticity, are inexpensive and will not easily wear out by sand blasting. 

The interlevel dielectric layer 3 is provided on the substrate 1 by the following procedure: the ingredients of a mate- 
rial ibr forming the dielectric layer are dissolved, dispersed and mixed thoroughly with a suitable device such as a triple- 

45 roll mill, a ball mill or a sand mill and the mix is applied onto tine substrate by a suitable means such as screening, dip 
coater, bar coater, roll coater. reverse coater, spin coater. curtain flow coater or spray coater to give a dry film thickness 
of about 10 - 100 H m and. after drying either at room temperature or within a warm heater or an IR heater, the film is 
cured by irradiation with activation energy rays from an ultrahigh-pressure mercury vapor lamp, a chemical lamp or the 
like or by heating in a warm air heater or an IR heater at a temperature of about 120 - 200°C. 

50 The material for forming the interlevel dielectric layer 3 is typically a composition containing a binder resin, a ther- 
mal or photopolymerization initiator or crosslinking agent, and a thermal or photopolymerizaWe monomer. The mono- 
mer may be omitted if the binder resin contains groups that can be polymerized or crosslinked with light or heat. 

Examples of the binder resin include: copolymers of monomers selected from among methyl acrylate, methyl meth- 
acrylate, etiiyl acrylate, ethyl metiiacrylate n-butyl acrylate, n-butyl methacrylate, isobutyl acrylate, isobutyl methacr- 

55 ylate, 2-ethylhexyl acrylate, 2-etiiylhexyt methacrylate, benzyl acrylate, benzyl metiiacryiate, 2-hydroxyetiiyl acrylate, 2- 
hydroxyethyl methacrylate, 2-hydroxypropyl acrylate, 2-hydroxypropyl methacrylate, ethylene glycol monomethyl ether 
acrylate, etiiylene glycol monometiiyl ether methacrylate, ethylene glycol monoethyl etiier aaylate, ethylene glycol 
monoethyl ether methacrylate. glycerol monoacrylate, glycerol monomethacrylate, acrylic acid dimethylaminoethyl 
ester, methacrylic acid dimethylaminoethyl ester, tetrahydrofurfuryl acrylate tetrahydrofurfuryl methacrylate, acrylic acid 
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amide, methacrylic acid amide, acrylonitrile, methacrylonitrile, etc.; bisphenol A type epoxy resin, bisphenol F type 
epoxy resin, bisphenol S type epoxy resin, phenol novolak type epoxy resin, cresol novolak type epoxy resin, epoxidized 
resins formed by condensation of phenols with aromatic aldehydes having a ph nolic hydroxyl group, urea resins, mela- 
mine resins, triazine resins such as tris-(2,3-diepoxypropyl)isocyanurate, cyclotene resins of Dow Chemical Corpora- 
5 tion, polyphenolic resins, polynovolak resins, polyamid resins, polyimide resins: etc. Among these, epoxy resins, 
polyphenolic resins, polynovolak resins, polyamide resins and polyimide resins are used with advantage since.they will 
not deteriorate or decompose even at high temperatures of about 150 -200 ''C, have tensile strength exceeding 1 kg in 
terms of peeling strength and exhibit salient resistance to heat and chemicals. 

The above-mentioned monomers may be copotymerized with other monomers having a carboxyl group such as 
10 acrylic acid, methacrylic add, crotonic acid, isocrotonic acid, angelic add. tiglic acid, 2-ethyl acrylate, 3-propyl acrylate. 
3-isopropyl acrylate, succinic acid monohydroxyethyl acrylate, phthalic acid monohydroxyethyl acrylate, dihydrophthalic 
acid monohydroxyethyl acrylate, tetrahydrophthalic add monohydroxyethyl acrylate, hexahydrophthalic acid monohy- 
droxyethyl acrylate, acrylic add dimer and acrylic trimer; it should, however, be noted that copolymerization with these 
monomers may sometimes yield resins having lower heat resistance, chemical resistance and insulation resistance. 
15 Examples of the thermal or photopolymerization initiator indude: 1 -hydroxycyciohexyl phenyl ketone, 2,2-dimeth- 
oxy-1 ,2-diphenylethan-1 -one, 2-methyl-1 -[4-(methylthio)phenyl]-2-morpholinopropan-l -one. 2-benzyl-2-dimethyl- 
amino-1 -(4-morpholinophenyl)-butan-1 -one. 2-hydroxy-2-methyl-1 -phenylpropan-1 -one, 2.4.6- 

trimethylbenzoyldiphenyl phosphine oxide, 1-[4-(2-hydroxyethoxy)-phenyl]-2-hydroxy-2-methyl-1-propan-1-one. 2.4- 
diethylthioxanthone, 2-chlorothioxanthone, 2,4-dimethylthioxanthone, 3,3-dimenthyl-4-methoxybenzophenone, benzo- 
ic . phenone. 1 -chIoro-4-propoxythioxanthone, 1-(4-isopropylphenyl)-2-hydroxy-2-methylpropan-1-one, 1-{4-dodecylphe- 
nyl)-2-hydroxy-2-methylpropan-1-one. 4-benzoyl-4'-methyldimethyl sulfide, 4-dimethylaminobenzoic acid, methyl 4- 
dimethylaminobenzoate, ethyl 4-dimethy!aminobenzoate, butyl 4-dimethyIaminobenzoate, 2-ethyihexyl 4-dimethyIami- 
nobenzoate, 2-isoamyl 4-dimethylaminobenzoate, 2,2-diethoxyacetDphenone, benzyl dimethyl ketal, benzyl- p -meth- 
oxyethyl acetal. 1-phenyl-1,2-propanedion-2-(o-ethoxycarbonyi)oxime. methyl o-benzoylbenzoate, bis(4- 
25 dimethylaminophenyl)ketone, 4,4'-bisdiethylaminobenzophenone. 4,4'-dichlorobenzophenone, benzil, benzoin, ben- 
zoin methyl ether, benzoin ethyl ether, benzoin isopropyl ether, benzoin n-butyl ether, benzoin isobutyl ether, benzoin 
butyl ether, p-dimethylaminoacetophenone, p-tert-butyltrichloroacetophenone, p-tert-butyldichloroacetophenone, thiox- 
anthone. 2-methyl thioxanthone, 2-isopropyl thioxanthone, dibenzosuberone, a . a -dichloro-4-phenoxyacetophenone 
and pentyl -4-dimethylaminobenzoate. These thermal or photopolymerization initiators may be contained in amounts of 
30 0. 1 -40 parts by weight in 100 parts by weight of the binder resin. 

Examples of the crossIinWng agent indude: dicyandiamide; imidazole compounds such as 2-ethyl-4-methylimida- 
zole. 1 -cyanoethyl-2-ethyl-4-methylimidazole, 2,4-diamino-6-[2 -methylimidazolyl-(1)]-ethyl-s-triazine, 2,4-diamino-6- 
[2'-ethyl-4-methylimidazolyl-(1)]-ethyl-s-triazine-isocyanuric add adduct, 2-methylimidazole. 1 -phenyl -2-methylimida- 
zole and 2-phenyl-4-methyt-5-hydroxymethylimidazoIe; triazine compounds such as 2.4-<liamino-6-vinyl-s-triazine-iso- 
35 cyanuric add adduct, 2-vinyl-4,6-diamino-s-triazine, 2-methQxyethyl-4.6-diamine-s-triazine and 2-o-cyanophenyl-4.6- 
diamino-s-triazine; urea compounds such as 3-(3.4-dichlorophenyl)-1,r-dimethylurea, 1,1'-isophorone-bis(3-methyl-3- 
hydroxyethylurea) and 1,1*-tolylene-bis(3,3-dimethyIurea>; aromatic amino compounds such as 4,4'-diamino-dipheny!- 
methane: and photo-cationic polymerization catalysts such as triphenylsulfonium hexafluorophosphate, triphenylsulfo- 
nium hexafluoroantimonate, triphenylselenium hexafluorophosphate, triphenylselenium hexafluoroantimonate. 
40 diphenyliodonium hexafluoroantimonate. disphenyiiodonium hexafluorophosphate and 2,4-cyclopentadien-1-yl-[(1- 
methylethyl)-benzene]-Fe-hexafluorophosphate (e.g.,''!RGACURE-261" of Ciba-Geigy). Among these, dicyandiamide, 
2,4-diamino-6-[2'-methylimidazoyl-(l )]-ethyl-s-triazine, 2-ethyl-4-methylimidazole, 1 . 1 '-isophorone-bis(3-methyl-3- 
hydroxyethylurea), 1,1'-tolylene-bls(3,3-dimethylyrea), 3-(3,4-dichlorophenyt)-1,1'-dimethylurea and commercial photo- 
cationic polymerization catalysts (e.g.. "SP-1 50" and "SP-ITO" both available from Asahi Denka Kbgyo K.K:). 

45 Examples of the thermal or photopolymerizable monomer include: monofunctional monomers such as 2-hydroxye- 
thyl acrylate. 2-hydroxyethyl methacrylate, ethylene glycol monomethyl ether acrylate, ethylene glycol monomethyl 
ether methacrylate, ethylene glycol monoethyi ether acrylate, ethylene glycol monoethyl ether methaaylate, glycerol 
acrylate, glycerol methacrylate, acryic acid amide, methacrylic acid amide, acrylonitrile, methacrylonitrile, methyl acr- 
ylate. methyl methacrylate, ethyl acrylate, ethyl methacrylate, isobutyl acrylate, isobutyl methacrylate, 2-ethylhexyl acr- 
50 ylate, 2-ethylhexyl methacrylate, benzyl acrylate and benzyl methacrylate: and polyfunctional monomers such as 
ethylene glycol diacrylate, ethylene glycol tJimethacrylate, triethylene glycol diacrylate, tri ethylene glycol dimethacr- 
ylate, tetraethylene glycol diacrylate, tetraethylene glycol dimethacrylate. butylene glycol dimethacrylate, propylene gly- 
col diacrylate, propylene glycol dimethacrylate, trimethylolpropane triacrylate, trimethylolpropane trimethacrytate, 
tetramethyloipropane tetraacrylate, tetramethylolpropane tetramethacrylate, pentaerythritol triacrylate, pentaerythritol 
55 trimethacryiate, pentaerythritol tetraacrylate. pentaerythritol tetramethacrylate, dipentaerythritol pentaacrylate, dipen- 
taerythritoi pentamethacrylate. dipentaerythritol hexaacryfate, dipentaerythritol hexamethacrylate, 1 ,6-hexanedioI dia- 
crylate, 1,6-hexanediol dimethacrylate, cardoepoxy diacrylate and cardoepoxy dimethacrylate. These thermal or 
photopolymerizable monomers are preferably incorporated in amounts of up to 50 parts by weight into 100 parts by 
weight of the composition for the interlevel dielectric layer. 
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Besides the ingredients described abov , the material for forming the interlevel dielectric layer may incorporate 
inorganic fillers such as silica, alumina, mica and talc in order to maintain dimensional stability, chemical resistance, 
heat resistanc and insulating property, as well as heat-resistant organic color pigments such as phthalocyanine green 
that assist in quick identification of via holes after sandblasting. 
5 The particle size of the inorganic fillers is selected from the range of about 0.01 to 500 ^ m; preferably, a plurality 

of fillers having different shapes and particle sizes within the stated range are selectively contained in order to increase 
the adhesion strength between the interlevel dielectric layer and the conductive layer which is to be formed after sand- 
blasting. 

The material for forming the interlevel dielectric layer 3 may also contain a leveling agent, an anti-foaming agent, a 

10 solvent and the like in order to assure uniform application of the material by such means as screening, dip coater, roll 
coater, spin coater. curtain flow coater or spray coater. 

Examples of the solvent include: methyl ethyl ketone, acetone, methyl isobutyi ketone, diethyl ketone, cyclohex- 
anone, ethylene glycol monoethyl ether, ethylene glycol monoethyl ether, ethylene glycol monobutyl ether, ethylene gly- 
col monobenzyl ether, ethylene glycol monophenyl ether, diethylene glycol monoethyl ether, diethylene glycol 

15 monobutyl ether, propylene glycol monoethyl ether, propylene glycol monoethyl ether, dipropylene glycol monoethyl 
ether, dipropylene glycol monoethyl ether, 3-methoxybutyl acetate, 4-methoxybutyl acetate, 2-methyl-3-methoxybutyl 
acetate, 3-methyl-3-methoxybutyl acetate, 3-ethyl-3-methoxybutyl acetate. 2-ethoxybutyl acetate, diethylene glycol 
monoethyl ether acetate and diethylene glycol monobutyl ether acetate. Among these, propylene glycol monoethyl 
ether, propylene glycol monoethyl ether, propylene glycol monopropyl ether, dipropylene glycol monomethyl ether, 

20 dipropylene glycol monoethyl ether, dipropylene glycol monopropyl ether and propylene glycol monomethyl ether ace- 
tate are used with particular advantage since they are safe to humans and permit smooth application of coatings. 

The composition for forming the interlevel dielectric layer 3 may also incorporate a sulfur-containing organic com- 
pound as a catalyst poison. Examples of the sulfur-containing organic conpound include 2-mercaptobenzothiazole, 
dibenzothiazyl disulfide. N-tert-butyl-2-benzothiazolyl sulfonamide and tetramethylthiraum disulfide. After via holes are 

25 formed in the interlevel dielectric layer 3 by the method to be described later, the conductive layer is provided within the 
via holes by plating and the catalyst poison in the interlevel dielectric layer 3 can prevent the conductor layer from stick- 
ing on to the dielectric layer 3. The sulfur-containing organic compound is preferably incorporated in an amount of 0.1 
- 20 parts by weight of the composition for the interlevel dielectric layer. Below 0.1 part by weight, the sulfur-containing 
organic compound is incapable of working as a catalyst poison; on the other hand, if the compound is contained in more 

30 than 20 parts by weight, the resulting resin may sometimes have lower heat resistance, chemical resistance and insu- 
lation resistance. 

After hardening by thermal cure, the interlevel dielectric layer 3 is overlaid with a patterned coating 4 having resist- 
ance to sandblasting (see Fig IB). 

The patterned coating 4 having resistance to sandblasting can be formed by various methods which include: prim- 
es ing a specified pattern by screening, bar coater. roll coater, reverse coater or curtain flow coater; or coating the interlevel 
dielectric layer 3 with a photosensitive resin having resistance to sandblasting or attaching a dry film of the resin onto 
the dielectric layer 3 and thereafter performing photolithography to provide a specified pattern. In the latter case of using 
a photosensitive resin, the applied or attached resin coating is exposed to activation energy rays from an ultrahigh -pres- 
sure mercury vapor lamp, a chemical lamp or the like through a mask and thereafter developed with a spray gun, by 
40 dipping or a like method. Depending on the type of photosensitive resin used, water or an aqueous alkali solution is 
preferably employed as the liquid developer and exemplary alkali components in the liquid developer include: hydrox- 
ides, carbonates, silicates, bicartxsnates, phosphates and pyrophosphates of alkali metals such as sodium and potas- 
sium; primary amines such as benzylamine and butylamine; secondary amines such as dimethylamine, dibenzylamine 

anddiethanolamine; tertiary amines such as trimethylamine, triethylamine and triethanolamine; cyclic amines such as 

45 morpholine, piperazine and pyridine; polyamines such as ethyl enediamine and hexamethylenediamine; ammonium 
hydroxides such as tetraethylammonium hydroxide, trimethylbenzylammonium hydroxide, trimethylphenylbenzylammo- 
nium hydroxide and choline; and sulfonium hydroxides such as trimethylsulfonium hydroxide, diethylmethylsulfonium 
hydroxide and dimethylbenzylsulfonium hydroxide. Aqueous solutions of these substrates or buffered solutions thereof 
may be incorporated in liquid developers. 
50 The coating having resistance to sandblasting may be formed of any material that can serve as a protective film 
against sandblasting and examples include: a photosensitive resin composition comprising an unsaturated polyester, 
an unsaturated monomer and a photopolymerization initiator as described in Unexamined Published Japanese Patent 
Application (kokai) No. 103554/1980; a photosensitive resin composition comprising poiyvinylalcohol and a diazo resin 
as described in Unexamined Published Japanese Patent Application (kokai) No. 69754/1990; and a photosensitive 
55 resin composition connprising a ur€thane(meth)acry!ate oligomer, a water-soluble cellulosic resin, a photopolymeriza- 
tion initiator and a (meth)acrylate monomer. Among these, the photosensitive resin composition comprising a ure- 
thane(meth)acryiate oligomer, a water-soluble cellulosic resin, a photopolymerization initiator and a (meth)acrylate 
monomer is preferably used since it has good adhesion to the interlevel dielectric layer and features high flexibility. The 
light-sensitive resins for forming the patterned coating having resistance to sandblasting may be applied as a dry film. 
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After forming the sandblast-resistant patterned coating 4. sandblasting is performed to remove the interlevel dielec- 
tric layer 3 in selected areas, thereby forming inwardly tapered via holes 5 (see Fig. IC). 

The medium for sandblasting is fine (ca. 0.1-150 ^ m) particulate materials such as glass beads, alumina, silica, 
silicon carbide and zirconium oxide particles; these materials are blown at a blast pressure of 0.5-5 kg/cm^ to effect 
5 sandblasting. Compared to ordinary photosensitive resins, the coating 4 has sufficiently high elasticity and flexibility to 
withstand the wear by sandblasting and, hence, It will not wear out before via holes of a desired depth are formed. 

According to the invention, inwardly tapered via holes 5 ar formed by sandblasting the interlevel dielectric layer 3 
and, therefore, unlike in the case of employing conventional photolithographic techniques, the occunrence of side etch- 
ing can be prevented to ensure that a conductive layer is deposited efficiently on the sidewall of via holes during plating 
10 in a subsequent step and, as a result, the peeling strength between the conductive layer and the interievel dielectric 
layer is markedly improved to realize the manufacture of multilayer wiring boards of high reliability which are less likely 
to experience the open-circuit problem (broken metal interconnecting lines) and cracking. What is more, the process of 
the invention does not use any strong acids (e.g. chromic acid) as oxidizers and, hence, presents no potential hazard 
to the environment. 

IS After the sandblasting, the coating 4 is stripped away with an aqueous solution of sodium hydroxide, potassium 

hydroxide, an organic amine or the like at a pH of about 12-14 (see Fig. 1 D). 

Subsequently, a conductive layer 7 is formed as shown in either Rg. 1 E or 1 F. The formation of the conductive layer 

7 can be accomplished by electroless plating or direct electroplating. Direct electroplating is less time-consuming and, 

hence, enables more efficient fabrication than electroless plating. On the other hand, electroless plating has the advan- 
20 tage of sinplicity in the preparation and supply of plating baths. Another method for forming the conductive layer 7 is to 

apply a conductive paste composition onto the necessary areas or filling them with the paste composition by screening 

or other suitable techniques. 

An example of the electroless plating method is to dip the substrate for about 10 min to 10 h within a plating bath 
consisting typically of an aqueous solution of copper sulfate, formaldehyde, EDTA and sodium hydroxide. 
25 An example of the direct electroplating method is specifically performed as follows: first, a surface of the interlevel 
dielectric layer 3 is micro-etched by oxidation, which may be performed by dipping the substrate in an aqueous solution 
containing about 1 - 1 0 % of sodium or potassium permanganate and about 0.5 - 5 % of potassium or sodium hydroxide 
at a temperature of about 50 - 95 "C for about 1-15 min. A surfactant may be added to the aqueous solution as 
required. 

30 After the oxidation, the interlevel dielectric layer 3 is neutralized, washed with water and treated with an aqueous 
solution of palladium colloid, whereupon the surface of the substrate is sufficiently activated to ensure better adhesion 
to the piate layer to be subsequently formed. In order to have better dispersibility, the palladium colloid has preferably a 
particle size off about 0.01 - 1 m and its concentration is preferably about 0.5 - 10 g/L 

If desired, the aqueous solution of palladium colloid may contain at least one soluble compound of a metal (alloyed 
35^ metal) selected from among silver, tin, Indium, nickel, copper, gold, cobalt, zinc and cadmium, with tin sulfide being par- 
' ticularly preferred- A chelating agent may also be contained in order to chelate the palladium colloid and the soluble 
m tal compound. 

Any chelating agent may be used as long as it is capable of chelating palladium chloride and the alloyed metal com- 
pound. Exemplary chelating agents are bases including chelidamic acid, orotic acid, hydantoincarboxylic acid, sucdn- 

40 imidocarboxylic acid. 2-pyrrolidone-5-cartx3xyiic add, carboxyhydroxypyridine, cartroxycarprolactam. picolinic acid, 
dipicolinic acid, carboxyxanthine, quinolinecarboxylic acid or dicarboxylic acid, lignin, vaniline, 9-imidaziridone-4-car- 
boxylic add, ammonia, amine, amino acid, EDTA sodium chloride, ammonium hydroxide and other hydroxyl com- 
pounds (e.g. alkali hydroxides). Among these, chelidamic add, orotic acid and 2-pyrrolidone-5-carboxylic acid are 
particularly preferred. The chelating agents listed above are used either singly or in combination. The chelating agents 

45 may be contained at such concentrations that the palladium colloid and the alloyed metal compound can be kept dis- 
persed. 

The electrolyte to be used in direct electroplating must be sufffidently alkaline to solubilize the chelating agent and 
the metal complex and it usually has a pH of about 8-14, desirably 12-14. 

Contact with the palladium colloid can be effected at about 1 0 - 60**C, preferably about 30 - 50°C, A contact time of 
so about 5-10 min will suffice for the purpose of the invention. 

Following tine oxidation, the substrate surface is thoroughly cleaned of tiie alkali deposit and the interlevel dielectric 
layer 3 is then subjected to electroplating, which may be performed by any of the conventionally known methods. A plat- 
ing bath may be prepared from various corrpositions such as copper sulfate and copper pyrophosphate. By dipping the 
substrate in the plating bath for about 0.5 - 2 h at a current density of about 1 -150 A/ft^, the conductive layer 7 can be 
55 formed in a uniform thickness. 

If tile interlevel dielectric layer 3 does not contain a catalyst poison, the conductive layer 7 is formed as shown in 
Rg. 1 E. If a catalyst poison is contained in the interievel dielectric layer 7, the conductive layer 7 is formed only in the 
via holes as shown in Fig. 1 F. 

Subsequentiy, a second level of conductor pattern (not shown) is formed over the interlevel dielectric layer 3 and 
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overlaid with another interl vel di lectric layer (also not shown), in which via holes (not shown) are formed. By forming 
a conductive layer (not shown), the fabrication of a multilayer wiring board is completed. 

In another preferred embodiment of the invention, the surface of the irrterlevel dielectric layer 3 from which the 
sandblast-resistant coating 4 has been stripped may be roughened prior to plating. This embodiment is hereunder 

5 described with reference to Figs. 2A - 2G. 

As in the process described above with reference to Figs. 1 A - I D, a conductor pattern and an interlevel dielectric 
layer 3 are provided on a substrate 1 and, then, a patterned coating 4 having resistance to sandblasting is formed and 
stripped away after forming via holes 5 by sandblasting (see Rgs. 2A - 2D). Subsequently, the surface of the interlevel 
dielectric layer 3 is roughened as shown in Fig. 2E. This roughening step contributes a higher peeling strength between 

10 the interlevel dielectric layer 3 and the conductive layer 7 to be formed on it. The roughening of the Interlevel dielectric 
layer 3 may be accomplished by known techniques of mechanical or chemical grinding or the combination of known 
mechanical and chemical grinding techniques. Examples of mechanical grinding techniques include brushing the sur- 
face of the interlevel dielectric layer 3 with Scotch Bright, a brass brush or the like, buffing treatment with a belt sander, 
as well as the sandblasting procedure already described above. An example of chemical grinding techniques is etching 

15 of the interlevel dielectric layer 3 in a solution of potassium permanganate if the dielectric layer 3 is made of an epoxy 
resin. Another example is microetching of the surface of the interlevel dielectric layer 3 by oxidation, which may be per- 
formed by dipping the substrate in an aqueous solution containing about 1-10 % of sodium or potassium permanganate 
and about 0.5-5% of potassium or sodium hydroxide at a temperature of about 50-95°C for about 1 -1 5 min. A surfactant 
may be added to the aqueous solution as required. 

20 The roughening of the interlevel dielectric layer 3 Is preferable performed to provide an average surface roughness 
(Ra) of 0.1 - 10 m. 

After the roughening step, either direct electroplating or electroless plating is performed according to the procedure 
described in connection with Fig. 1 E or 1 F to form a conductive layer 7 as shown in Fig. 2F (if the interlevel dielectric 
layer does not contain a catalyst poison) or Fig. 2G (if a catalyst poison is contained only in the interlevel dielectric 

25 layer). Subsequently, a second level of conductor pattern (not shown) is formed over the interlevel dielectric layer 3 and 
overlaid with another interlevel dielectric layer (also not shown), in which via holes (not shown) are formed. By forming 
a conductive layer (not shown), the fabrication of a multilayer wiring board is completed. 

In yet another preferred embodiment of the invention, the surface of the interlevel dielectric layer may be roughened 
prior to the formation of via holes. This embodiment is hereunder described with reference to Figs. 3 A - 3G. 

30 A conductor pattern 2 and an interlevel dielectric layer 3 are formed over a substrate 1 (see Fig. 3A); thereafter, the 
surface of the interlevel dielectric layer 3 is roughened (Fig. 38) and the subsequent process goes in the same manner 
as described in connection with the preceding embodiments; namely, a patterned coating 4 having resistance to sand- 
blasting is formed (Fig. 3C), then sandblasting is applied to remove selected areas of the interlevel dielectric layer 3 to 
form via holes 5 (Fig. 3D), thereafter the coating 4 Is stripped away (Fig. 3E) and plating is performed to provide a con- 

35 ductive layer 7 as shown in Fig. 3F (If the interlevel dielectric layer does not contain a catalyst poison) of Rg. 3G (if it 
exclusively contains a catalyst poison). 

The surface of the interlevel dielectric layer 3 may be roughened by any of the known methods described in con- 
nection with the second embodiment. The degree of roughening Is preferably such that the interlevel dialectic layer 3 
will have an average surface roughness (Ra) of 0.1-10 ii. m. 

40 In the third embodiment, the preliminary roughened surface of the dielectric interlevel layer which have a better 
adhesion to the conductive layer which is to be provided on it and the peeling strength between the two layers is further 
enhanced to improve the quality and reliability of the final product. If the surface roughening of the interle/el dielectric 
layer 3 is effected after tiie sandblast resistant coating 4 has been stripped away from the dielectric layer 3 following the 
formation of via holes 5 by sarxiblasting, the medium that has been used in the surface roughening will scatter about 

45 on the interlevel dielectric layer 3 and must be cleaned before the conductive layer 7 is formed. In the embodiment 
shown in Fig. 3, the surface roughened interlevel dielectric layer 3 may be overlaid with the sandblast resistant coating 
4 even if the medium tiiat has scattered about in tiie surface roughening step remains unremoved because when the 
coating 1 is stripped away, the medium is also removed. Hence, there is no need to provide an additional step for clean- 
ing the medium used in the surface roughening step and this conti-ibutes to simplification of the overall process. 

50 Rgs. 4A - 4G show still another embodiment of tine invention. Rrst. a conductor pattern 2 is formed in a thickness 
of about 1 - 200 m over a substrate 1'and overlaid witii a. heat- or photocurable electrically Insulating layer 3a (see 
Fig. 4A). 

The heat- or photocurable electrically insulating layer 3a is provided on the substrate 1 by the following procedure: 
the Ingredients of the starting material are dissolved, dispersed and mixed thoroughly with a suitable device such as a 
55 triple-roll mill, a baW mill or a sand mill and tiie mix is applied onto the substrate by a suitable means such as screening, 
bar coater, roll coater, reverse coater, curtain flow coater or spray coater to give a dry film tiiickness of about 10-100 
m. The applied insulating layer 3a is slightiy cured by drying in a warm air heater or IR heater (Fig 48). 

' The insulating layer 3a may be formed of the same material as used to form the interlevel dielectric layer 3 in the 
preceding three embodiments. Stated specifically, the insulating layer 3a is generally formed of a composition contain- 
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ing a binder resin, a thermal or photopolymerization initiator or a crosslinking agent and a thernial or pholopoiymeriza- 
bie monomer. The monomer may b omitted if the binder resin contains groups that can be polymerized or crosslinked 
with light or heat. For detailed information about the respective ingredients of the composition, see the foregoing 
desCTiption of the first embodiment. 
5 What is unique about the embodiment shown in Fig. 4 is that the insulating layer 3a is not immediately heat cured 

to form the interlevel dielectric layer 3 but it remains slightly cured as it is overlaid with a patterned coating having. resist- 
ance to sandblasting. 

The term "slightly cured" means that the insulating layer 3a is cured to such an extent that the via holes formed by 
sandblasting in a subsequent step will not experience any morphological defects such as chipping, nicking and other 

10 loss of shape and also that the insulating layer 3a will not come off when the sandblast resistant coating is stripped or 
that the via holes formed in the insulating layer 3a will not be filled with the deforming mass of the insulating layer 3a 
when it is heat cured after the stripping of the sandblast resistant coating. In order to attain this "slightly cured" state, 
the insulting layer 3a may be irradiated with light of low energy dose or heated at a temperature slightly lower than the 
ordinary curing temperature: it is particularly preferred to heat the insulating layer 3a at a temperature of about 70 - 

15 110''C. If the heating temperature is unduly low, the intended degree of "slight cure" is not achieved and the insulating 
layer may come off when the sandblast resistant coating is stripped in a subsequent step or the via hoes formed in the 
insulating layer may be filled with the deforming mass of the insulating layer when it is heat cured after tiie stripping of 
the sandblast resistant coating. On the other hand, if the heating temperature is unduly high, the insulating layer will 
overcure and a prolonged time is required to complete the sandblasting operation. 

20 The heat- or photocurable insulating layer 3a may incorporate a sulfur-containing organic compound as a catalyst 
poison. A suitable sulfur-containing organic compound may be selected from among the compounds already described 

■ in connection with the first embodiment. 

In the next step, a patterned sandblast resistant coating 4 is formed on the slightly cured insulating layer 3a (see 
Fig. 4C). For detailed information about the sandblast resistant coating such as with respect to the ingredients of the 

25 coating material and the method of its formation, see the description of the first embodiment. 

After forming the patterned sandblast resistant coating 4, the slightiy cured insulating layer 3a is sandblasted such 
that selected areas of it are removed to form inwardly tapered via holes 5 (see Fig. 4D). As for tiie sandblasting medium 
and method, also see the description of tiie first embodiment. Compared to ordinary photosensitive resins, the coating 
4 has sufficiently high elasticity and flexibility to witiistand the wear by sandblasting and , hence, it will not wear out 

30 before via holes of a desired depth are formed. 

In the fourth embodiment, the heat- or photocurable insulating layer 3a is sandblasted in a slightly cured state 
before it is fully cured and, hence, the blasting operation can be finished in a short time. In addition, tiie patterned sand- 
blast resistant coating 4 can be formed in such a small thickness that if it is formed of a photosensitive resin, the depth 
of focus can be easily adjusted during exposure to enable the formation of a patterned coating tiiat has higher resolu- 

35 tion and. hence, better reproducibility. 

As a further advantage, inwardly tapered via holes 5 are formed by sandblasting the insulting layer 3a and. there- 
fore, unlike in the case of employing conventional photolithographic techniques, the occurrence of side etching can be 
prevented to ensure tiiat a conductive layer is deposited efficiently on the sidewalls of via holes during plating in a sub- 
sequent step and, as a result, the peeling strength between tiie conductive layer and the interlevel dielectric layer (see 

40 below) is markedly improved to realize the manufacture of multilayer wiring boards of high reliability which are less likely 
to experience the open-circuit problem (breakage of metal interconnecting lines) and cracking. What is more, the proc- 
ss of tiie invention does not use any strong acids (e.g. chromic acid) as oxidizers and, hence, presents no potential 
hazard to the environment. 

After the sandblasting, the coating 3 can be readily stripped away wrth an aqueOus solution of sodium hydroxide. 
45 potassium hydroxide, an organic amine or the like at a pH of about 12-14 (see Fig. 4E). 

In this stripping step, the slightiy cure insulating layer 3a remains stable and will neither dissolve nor swell in the 
aqueous solution of sodium hydroxide, potassium hydroxide or an organic amine at a pH of about 12*14 and, hence, 
it will not be stripped away together witii tine patterned sandblast resistance coating 4. 

Subsequently, the slightly cured insulating layer 3a is heat cured to form an interlevel dielectric layer 3. The heat 
so cure is preferably accomplished by heating at a tenrperature in excess of 1 10**C but not higher tiian about 20CyC in a 
warm air heater or IR heater or by irradiation with light such as UV rays. 

If desired, the surface of the interlevel dielectric layer 3 may be roughened to provide an increased peeling strength 
between the dielectric layer 3 and the conductive layer to be subsequentiy formed on it. The roughening of the interlevel 
dielectric layer 3 may be accomplished by the aforementioned known techniques of mechanical or chemical grinding or 
55 the combination of known mechanical and chemical grinding techniques or by any other suitat^e techniques such as 
sandblasting. Needless to say, the slightiy cured insulating layer 3a may be surface roughened before it is provided with 
the patterned sandblast resist coating. 

After the roughening step, either direct electroplating or electroless plating is performed according to the procedure 
described in connection with Fig. 1 E or 1 F to form a conductive layer 7 as shown in Rg. 4F (if tine interlevel dielectric 
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layer does not contain a catalyst poison) or Fig. 4G (if a catalyst poison is contained only in th interlevel dielectric 
layer). Subsequently, a second level of conductor pattern (not shown) is formed over the interlevel dielectric layer 3 and 
overlaid with another interlevel dielectric layer (also not shown), in which via holes (not shown) ar formed. By forming 
a conductiv layer (not shown), the fabrication of a multilayer wiring board is completed. 
, 5 The foregoing description concerns the case where via holes for establishing an electrical interconnection of more 

than one level of conductor patterns are formed by sandblasting. It should, however, be noted that via holes are not the 
only example of the channel for establishing an electrical interconnection of more than one level of conductor patterns 
and trench-like channels that run in continuous lines over the substrate, as well as through-holes may likewise be 
formed by sandblasting and plated with a conductive layer. 
10 Alternatively, a conductive material may be buried in the trench-like channels formed by sandblasting; in this case, 
too, sandblasting effectively improves the adhesion and, hence, the peeling strength between the conductive material 
and the trench-like channels. 

Figs. 5A - 5F show an example of the use of the multilayer wiring board fabricated by the process of the invention. 
First, a substrate 1 having a conductor pattern formed thereon is overlaid with a first interlevel dielectric layer 3 incor- 
15 porating a sulfur-containing compound and. after forming a patterned sandblast resistant coating (not shown) on the 
dielectric layer 3. the latter is sandblasted to form inwardly tapered trench-like channels (see Figs. 5A and 5B). 

In the next step, a conductive layer 7 is formed within the trench-like channels 8 by either plating or burying a paste- 
like conductive material (see Fig. 5C). 

Subsequently, a second interlevel dielectric layer 3 is formed over the first interlev^el dielectric layer 3 and similarly 
20 sandblasted to form via holes 5 (see Fig. 5D). 

Then, a conductive layer 7 is formed over the second interlevel dielectric layer 3 and within the via holes 5 by plating 
(see Fig. 5E). 

Thereafter, the conductive layer 7 is etched to ensure that the conductive layer in the via holes 5 in the second inter- 
level dielectric layer 3 has an electrical connection to the conductive layer in the via holes 5 in the first interlevel dielec- 
25 trie layer (see Fig. 5F). 

If desired, a third interlevel dielectric layer may be provided and channels may similarly be formed in it. 

The following examples are provided for the purpose of further illustrating the present invention but are in no way 
to be taken as limiting. 

30 EXAMPLES 1-4 AND COMPARATIVE EXAMPLES 1-3 

The fornnulations shown in Table 1 (parts by weight) were provided as starting materials for making interlevel die- 
lectric layers and blended on a triple-roll mill, thereby forming insulating compositions. Each of the composition was 
screen printed on a 1-mm thick glass-epoxy resin laminated substrate having a copper metallization pattern formed on 
35 it. The screen was made of a polyester and had an opening size of 100 mesh/inch and the dielectric coating had a dry 
thickness of 50 \i m. In Examples 1 and 2. the applied dielectric coating was heat cured at 1 SO'^C for 50 min; in Example 
3, the coating was preliminarily dried at 80°C for 50 min, subjected to full-frame exposure to UV light (500 mJ/cm^) from 
an ultra-high-pressure mercury vapor lamp equipped exposing machine, "HTE 102S" of Hitec Products, Inc. and finally 
heat cured at 150°C for 50 min. 



45 
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TABLE 1 







Example 


Comparative Example 






1 


2 


3 


4 


1 


2 


3 


Binder resin 


N-673 


100 


— 


— 


100 


. — 


— 


40 


EPIKOTE 828 


— 


100 


100 


— 


— 


— 


— 


TEPIC-SP 


— 


— 


— 


— 


40 


— 


— 


TCR 1025 


— 


— 


— 


— 


154 


154 


154 


Monomer 


DPHA 


— 


— 


10 


— 


10 


10 


10 


TMPTA 


— 


. — 


10 


— 


10 


10 


10 


Cross-linking agent 


DICY 


7 


9 


9 


7 


— 


— 


— 


2MZ-A 


6 


6 


6 


6 


— 


— 


— 


Photopdymerization initia- 
tor 


IRGACURE-907 


— 


— 


10 


— 


10 


10 


10 


KAYACURE-DETX 


— 


— 


5 


— 


5 


5 


5 


Solvent 


DPM 


— 


— 


— 


— 


5 


5 


5 


SWAZOL 1500 


10 


5 


5 


10 


5 


5 


5 


Digiycol acetate 


30 


10 


10 


30 


— 


— 


— : 


PGM Ac 














12 


Other additives 


KS-66 


2 


2 




2 


2 




2 


MODAFLOW 






2 






2 




LIONOL GREEN 2YS 


2.5 


2.5 


2.5 


2.5 


2.5 


2.5 


2.5 


MICROAGE P-4 


10 


10 


10 


10 


10 


10 


10 


AEROSIL #200 


2 


2 


2 


2 


2 


2 


2 


Barium sulfate B-31 


60 


60 


60 


60 


80 


60 


80 



10 



15 



25 



30 



35 



The desaiptions of the respective trade names in Table 1 are shown below. 



40 



45 



50 



55 



N-673 : 

EPIKOTE 828 : 
TEPIC-SP : 
TCR 1025 : 



DPHA: 

TMPTA: 

DICY: 

2MZ • A : 

IRGACURE-907: 

KAYACURE-DTEX : 

DPM: : 

SWAZOL 1500 : 
Digiycol acetate : 
PGMAc : 
KS-66: : 
MODAFLOW : 
LIONOL GREEN 2YS 
MICROAGE P-4 : 



o-cresoi novolak epoxy resin {product of DIC Co.. Ltd.) 
Bisphenol A type epoxy resin product of Shell Chemical Co.) 
Triglyddyl ether isocyanurate (product of Nissan Chemical Industries, Ltd.) 
Triphenylmethane type epoxy acrylate acid anhydride adduct (acid value=100; diethylene gly- 
col nnonomethyl ether acetate =25wt%; SWAZOL 1500 (see below)=10wt% (product of Nip- 
pon Kayaku Co., Ltd.) 

Dipentaerythritol hexaacrylate (product of Nippon Kayaku Co., Ltd.) 

Trimethylolpropane trtacrylate (product of Nippon Kayaku Co.. Ltd.) 

Dicyandiamide (epoxy curing agent) (product of Nippon Carbide Industries Co., Inc.) 

2-Methyl imidazole azine (epoxy curing agent) (product of Shikoku Chemicals Corp.) 

2-Methyl-[4-(methyithio)]phenyl-2-morpholino-1 -propane (product of CIBA-GEIGY Corp.) 

Diethylthioxanthonfe (product of Nippon Kayaku Kogyo Co.. Ltd.) 

Dipropylene glycol monomethyl ether (product of Dow Chemical Co.) 

Solvent naphtha (product of Maruzen Petrochemical Co, Ltd.) 

Diethylene glycol monoethyl ether acetate (product of Daicel Chemical Industries, Ltd.) 

Propylene glycol monomethyl ether acetate (product of Dow Chemical Co.) 

Silicone oil (product of Shin-Etsu Chemical Co.. Ltd.) 

Leveling agent (product of Monsanto Company) 

Color pigment (product of Toyo Ink Mfg. Co., Ltd.) 

Talc (inorganic filler) (product of Nippon Talc Co., LTD) 
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AEROSIL #200 : Fine particulate silica {product of Nippon Aerosil Co.. Ltd.) 

Barium sulfet B-31 : Inorganic filler (product of Sakai Chemical Industry Co., Ltd.) 

To each of the thus formed interlevei dielectric layers, a light-sensitive dry film, ORDYL BF-603 (product of Tokyo 
Ohka Kogyo Co.. Ltd.), was applied as a sandblast resistant coating by thermocompression bonding at 70°C. The 
applied film was then irradiated with ultraviolet rays (300mJ/cm^) from an ultra-high-pressure mercury vapor lamp 
equipped exposing machine HTE 102S (product of Hitec Products. Ina) through a predetermined mask pattern and 
spray developed with an aqueous solution of 0.2% sodium carbonate at SO^'C for 40 sec at a spray pressure of 1 .2 
kg/cm^. 

The substrate was then set up on a sandblasting machine SC-202 (product of Fuji Seisakusho K.K.) and the inter- 
level dielectric layer was sandblasted at a blast pressure of 2.5kg/cm^ for 6 min with silicon carbide particles (25 [i m) 
used as a grinding medium. Subsequently, the sandblast resistant coating was stripped by spraying an aqueous solu- 
tion of 3 wl% sodium hydroxide at 45'*C for 2 min. 

After stripping the sandblast resistant coating, the substrate was washed with water, set up the same sandblasting 
machine and sandblasted with silicon carbide particles (25 ^ m) at a blast pressure of 2.5 kg/cm^ for 1 min in order to 
roughen the surface of the interlevei dielectric layer and the inner surfaces of the via holes. The thus processed sub- 
strate was desmeared according to a SHIPLEY THERCUPOSIT 200MLB PROCESS and thereafter dipped in an elec- 
troless plating solution SHIPLEY CUPOIT 250 (product of Shipley Company Inc.) for 5 h to form conductive layer in a 
thickness of 25 n m. 

In Example 4, the procedure of Example 1 was repeated except that after stripping the sandblast resistant coating, 
the substrate was washed with water and immediately dipped in the electroless plating solution to form a conductive 
layer in a thickens of 25 n m without roughening the surface of the interlevei dielectric layer and the inner surface of the 
via holes. 

In Comparative Examples 1 - 3, the insulating composition was screened onto a 1 -mm thick glass-epoxy resin lam- 
inated substrate to give a dry thickness of 50 m m and the applied coating was preliminarily dried at SO'^C for 50 min and 
irradiated with UV rays (500 mJ/cm^) from the exposing machine HTE 102S (Hitec Products, Inc.) through a mask pat- 
tern. Then, the coating was spray developed with an aqueous solution of 1% sodium carbonate at ZO^'C for 40 sec at a 
spray pressure of 1 .2kg/cm2; thereafter, the substrate was set up on the same exposing machine and irradiated with 
UV rays (5 J/cm^), followed by thermal cure at 1 50'*C for 50 min. After thusly forming via holes, the substrate was dipped 
an electroless plating solution (SHIPLEY CUPOSIT 250) to form a conductive layer in a thickness of 25 ji m. 

The individual substrate samples ware evaluated for the shape of via holes, the presence of undercuts, resistance 
to the heat of solder, insulation resistance and peeling strength by the following methods and criteria. The results are 
shown in Table 2. 

Method and Criteria of Evaluation 

(Shape of via holes) 

The substrate was cut across the thickness and a cross-sectional shape of via holes was examined. 
(Undercut) 

Via holes in the cut substrate were examined for its state at the junction between the interlevei dielectric layer and 
the overlying conductor pattern. 

(Resistance to the heat of solder) 

After application of a flux, the substrate was dipped 5 times in a soldering bath at 260**C, each time for 10 sec; the 
thus treated light-sensitive resin layer was examined for its state and evaluated by tiie following criterias: good, no 
change was observed after 5 dippings in tiie soldering bath; poor, part of the cured light-sensitive resin layer spalled 
after one dipping in tiie soldering bath. 

(Insulation resistance) 

The substrate was exposed to a hot and humid atmosphere (85**C x 90%) at a DC voltage of 100 volts and there- 
after measured for its electrical resistance witii a High Resistance Meter 4339A (product of Hewlett-packard Company); 
the result was differentiated as to whether the insulation resistance was higher than 1 x 1 0"*^ Q • cm(>1 0""^ or less than 
1x101'' n • cm(<10^^). 
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(Peeling strength) 

Measurements wer made in accordance with JIS H 8646. 

^ TABLE 2 



20 





Example 


Comparative Example 




1 


2 


3 


4 


1 


2 


3 


Shape of 
via holes 


Inwardly 
tapered 


Inwardly 
tapered 


Inwardly 
tapered 


Inwardly 
tapered 


Rectangular 


Rectangular 


Outwardly 
tapered 


Undercuts 


No 


No 


No 


No 


Yes 


Yes 


Yes 


Insulation 
resistance 








>10^2 


<10^^ 


<10^^ 


>1012 


Resistance 
to the heat 
of solder 


Good 


Good 


Good 


Good 


Good 


Poor 


Poor 


Peeling 
strength 
kg/cm 


2.0 


1.9 


1.8 


0.7 


0.7 


0.7 


0.6 



25 

EXAMPLE 5 

Ten parts by weight of 2-mercaptobenzothiazole was added as a catalyst poison to the formulation of Example 1 , 
30 which was then blended on a triple-roll mill, thereby forming an insulating composition. The composition was screen 
printed on a 1-mm thick glass-epoxy resin laminated substrate having a copper metallization pattern formed on it. The 
screen was made of a polyester and had an opening size of 100 mesh/inch and the dielectric coating had a dry thick- 
ness of 25 ^ m. The substrate was subsequently processed as in Example 1 to form via holes in selected areas of the 
interlevel dielectric layer, expect that the sandblasting time was 3 min. The thus processed substrate was desmeared 
35 according to a SHIPLEY THERCUPOSIT 200MLB PROCESS and thereafter dipped in an electroless plating solution 
SHIPLY CUPOSIT 250 (product of Shipley Company Inc.) for 5 h to fill each via hole with a conductive layer in a thick- 
ness of 25 IX m. The surface of the interlevel dielectric layer had neither copper deposit nor discoloration due to the elec- 
troless plating but featured a very high degree of smoothness. 

40 EXAMPLE 6 

The insulating composition of Example 1 was screen printed on a 1-mm thick glass-epoxy resin laminated sub- 
j strate having a copper metallization pattern formed on it. The screen was made of a polyester and had an opening size 
of 1 00 mesh/inch and the dielectric coating had a dry thickness of 20 ^ m. The applied dielectric coating was heat cured 

45 at 150''C for 50 min to form an interlevel dielectric layer. To the thus formed interlevel dielectric layer, a light-sensitive 
dry film. ORDYL BF-603 (product of Tokyo Ohka Kogyo Co.. Ltd.). was applied as a sandblast resistant coating by ther- 
mocompression bonding at 70**C. The applied film was then irradiated with ultraviolet rays (300 mJ/cm^) from an ultra- 
high-pressure mercury vapor lamp equipped exposing machine HTE 102S (product of Hitec Products, Inc.) through a 
mask pattern capable of reproducing 20 m wide lines at spacings of 20 \i m. and spray developed with an aqueous 

50 solution of 0.2 % sodium carbonate at 30° C for 40 sec at a spray pressure of 1 .2 kg/cm^. 

Thereafter, the substrate was set up on "a sandblasting machine SC-202 (product of Fuji Seisakusho K.K.) and the 
interlevel dielectric layer was sandblasted at a blast pressure of 2.5kg/cm2 for 2 min with silicon carbide particles (5 n 
m) used as a grinding medium. Subsequently, the sandblast resistant coating was stripped by spraying an aqueous of 
3 wt% sodium hydroxide at 45**C for 2 min. 

55 After stripping the sandblast resistant coating, the substrate was set up on the same sandblasting machine and 
sandblasted with silicon carbide particles (5 ^ m) at a blast pressure of 2.5kg/cm^ for 10 sec in order to roughen the 
surface of the interlevel dielectric layer. The thus processed substrate was desmeared according to a SHIPLY THER- 
CUPOSIT 200MLB PROCESS and thereafter dipped in an electroless plating solution SHIPLEY CUPOSIT 250 (prod- 
uct of Shipley Company Inc.) for 1 h to form a conductive layer in a thickness of 5 m. Neither nicking nor delimitation 
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occurred in the interlevel dielectric layer, and th channels experienced neither shorts nor conduction failur due to the 
breakage of metal interconnecting lines. 

COMPARATIVE EXAMPLE 4 

TTie insulating composition of Comparative Example 1 was screen printed on a 1 -mm thick glass-epoxy resin lam- 
inated substrate having a copper metallization pattern formed on it. The screen was made of a polyester and opening 
size 100 mesh/inch and the dielectric coating had a dry thickness of 20 m. The applied dielectric coating was dried 
preliminarily at SO'^C for 50 min and irradiated with ultraviolet rays (500 mJ/cm^ from an ultrahigh-pressure mercury 
vapor lamp equipped exposing machine HTE 102S (product of Hitec Products, Inc.) through a mask pattern capable of 
reproducing 20 ^ m wide lines at spacings of 20 ^ m, and spray developed with an aqueous solution of 1% sodium car- 
bonate at 30°C for 40 sec at a spray pressure of 1 .2kg/cm2. Partial nicking occurred in the interlevel dielectric layer. 
After irradiation with UV rays (2 mJ/cm^) from the same exposing machine, the interlevel dielectric layer was heat cured 
at 150°C for 50 min. The thus processed substrate was subjected to electroless plating by dipping in SHIPLEY 
CUPOSIT 250 for 1 h, whereupon a conductive layer was formed in a thickness of 5 ^ m. Some channels experienced 
shorts. 

EXAMPLE 7-9 AND COMPARATIVE EXAMPLES 5-7 

In Example 7, the formulation of Example 1 was used as a starting material for making an interlevel dielectric layer; 
in Examples 8 and 9 and in Comparative Example 5-7. the formulations of Examples 2 and 3 and Comparative Exam- 
ples 1 -3 were respectively used as starting materials. Each formulation was blended on a triple-roll mill to form an insu- 
lating composition. The composition was screen printed on a 1-nim tiiick glass-epoxy resin laminated substi-ate having 
a copper metallization pattern formed on it. The screen was made of a polyester and had an opening size of 100 
mesh/inch and the dielectric coating had a dry thickness of 50 p. m. In Examples 7 and 3, the applied dielectric coating 
was heat cured at 150''C for 50 min; in Example 9. tine coating was preliminarily dried at 80*C for 50 min. subjected to 
full-frame exposure to UV light (500 mJ/cm^) from an ultrahigh-pressure mercury vapor lamp equipped exposing 
machine, "HTE 102 S" of Hitec Products, Inc., and finally heat cured at 150**C for 50 min. 

To each of the thus formed interlevel dielecti-ic layers, a light-sensitive dry film, ORDYL BF-603 (product of Tokyo 
Ohka Kogyo Co., Ltd.), was applied as a sandblast resistant coating by thermocompression bonding at 70''C. Thie 
applied film was tiien irradiated with ultraviolet rays (300 mJ/cm^ from HTE 102S through a predetermined mask pat- 
tern and spray developed with an aqueous solution of 0.2% sodium carbonate at 30*C for 40 sec at a spray pressure 
0f1.2kg/cm2 

Thereafter, tine substrate was set up on a sandblasting machine SC-202 (product of Fuji Seisakusho K.K.) and ttie 
interlevel dielectric layer was sandblasted at a blast pressure of 2.5 kg/cm^ for 8 min with silicon carbide particles (25 \i 
m) used as a grinding medium. Subsequentiy, the sandblast resistant coating was stripped by spraying an aqueous 
solution of 3 wt% sodium hydroxide at 45°C for 2 min. 

After stripping the sandblast resistant coating, the substrate was washed with water, set up on the same sandblast- 
ing machine and sandblasted witii silicon carbide particles (25 m) at a blast pressure of 2.5kg/cm^ for 1 min in order 
to roughen the surface of the interlevel dielectric layer and the inner surface of the via holes. The thus processed sub- 
strate was dipped in an aqueous solution of sodium hydroxide (1 0 g/L) for 5 min at a temperature of 50°C before micro- 
etching was applied by dipping in an aqueous solution of the following formulation at 80°C for 6 min. 

(Micro-etching solution) 



Potassium permanganate 


50g 


. Potassium hydroxide 


20g 


Water 


LOOOg 



Thereafter, the substrate was subjected to copper plating in a copper pyrophosphate bath for its formulation, see 
below) under tiie conditions also set below. 
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(Plating bath) 



copper pyrophosphate 


60-80 g/L 


Potassium pyrophosphate 


250-400 g/L 


aqueous ammonia 


0.5-1 mlTL 


Gloss agent 


q- s. 



IS (Plating conditions) 



Temperature 


50-60°C 


Current density at cathode 


30-50 A/ft2 



25 The copper plating allowed a conductive layer to be formed in a thickness of 25 n m on the substrate surface. The 
plating time was 35 mi n. 

In Comparative Examples 5 - 7 the insulating composition was screened onto a 1 -mm thick glass- epoxy resin lam- 
inated substrate to give a dry thickness of 50 ^ m and the applied coating was preliminarily dried at SO^'C for 50 min and 
irradiated with UV rays (500 mJ/cm^) from the exposing machine HTE 102S (Hitec Products, Inc.) through a mask pat- 
30 tern. Then, the coating was spray developed with an aqueous solution of 1% sodium carbonate at 30°C for 40 sec at a 
spray pressure of 1.2kg/cm^; tiiereafter, the substrate was set up on the same exposing machine and irradiated with 
UV rays (5 J/cm^), followed by tiiermal cure at 1 50°C for 50 min. 

In Comparative Examples 5 and 7, the thus processed substrate was dipped in an aqueous solution of sodium 
hydroxide (10 g/L) for 5 min at a temperature of 50''C before micro-etching was applied by dipping in an aqueous solu- 
35 tion of the following formulation at 80**C for 6 min. 

(Micro-etching solution) 



Potassium permanganate 


50 g 


Potassium hydroxide 


20 g 


Water 


1.000 g 



Thereafter, the substrates were subjected to electroless copper plating in the following bath. 

50 



55 



14 



EP 0 793 406 A1 



(Plating bath) 



5 


Copper(supplied as copper sulfate) 


2.8 gA. 




Formaldehyde 


3-5 g/L 




Sodium hydroxide 


10-11 g/L 


10 


EDTA 


q. s. 



The electroless copper plating allowed a conductive layer to be formed in a thickness of 25 n m over tiie substrate 
surface. The plating time was 1 5 h. 
15 The individual substrate samples were evaluated for the shape of via holes, the presence of undercuts, resistance 
to the heat of solder, insulation resistance and peeling strength by the methods and criteria already described above. 
The results are shown in Table 3. 



TABLE 3 





Example 


Comparative Example 




7 


8 


3 


5 


6 


7 


Shape of via 
holes 


Inwardly 
tapered 


Inwardly 
tapered 


Inwardly 
tapered 


Trapezoidal 


Trapezoidal 


Trapezoidal 


Undercuts 


No 


No 


No 


Yes 


Yes 


Yes 


Insulation resist- 
ance 




>10l2 


>10^2 




<10^^ 


>10^2 


Resistance to 
the heat of sol- 
der 


Good 


Good 


Good 


Good 


Poor 


Poor 


Peeling 

sfrength kg/cm 


1.2 


1.0 


1.0 


0.4 


0.4 


0.4 



40 EXAMPLE 10 

Ten parts by weight of 2-mercaptobenzothiazole was added as a catalyst poison to the formulation of Example 7, 
which was then blended on a triple-roll mill, thereby forming an insulating composition. The composition was screen 
printed on a 1 -mm thick giass-epoxy resin laminated substrate having a copper metallization pattern formed on it. The 

45 screen was made of a polyester and had an opening size of 100 mesh/inch and the dielectric coating had a dry thick- 
ness of 25 \i m. The substrate was subsequently processed as in Example 7 to form via holes in selected areas of the 
interlevel dielectric layer, except that the sandblasting time was 3 mi n. The substrate was then given a preliminary treat- 
ment for micro-etching, micro-etched and subjected to direct electroplating as in Example 7. whereby the via holes were 
filled with a conductive layer in a thickness of 25 \l m. The surface of the interlevel dielectric layer had neither copper 

so deposit nor discoloration due to the electroplating but featured a very high degree of smoothness. The time was 20 min. 

^XAMPLmi 

The insulating composition of Example 1 was screen printed on a 1-mm tiiick glass-epoxy resin laminated sub- 
55 strate having a copper metallization pattern formed on it. The screen was made of a polyester and had an opening size 
of 1 00 mesh/inch and the dielectric coating had a dry thickness of 20 ^ m. The applied dielectric coating was heat cured 
at 150**C for 50 min to form an interlevel dielecti-ic layer. To the thus formed interlevel dielectric layer, a light-sensitive 
dry film, ORDYL BF-603 (product of Tokyo Ohka Kogyo Co., Ltd.), was applied as a sandblast resistant coating by ther- 
mocompression kx)nding at 70"C. The applied film was then irradiated with ultraviolet rays (300 mJ/cm^) from an ultra- 
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high-pressure mercury vapor lamp equipped exposing machine HTE 102S (product of Hitec Products, Inc.) through a 
mask pattern capable of reproducing 20 ^ m wide lines at spacings of 20 |a m. and spray developed with an aqueous 
solution of 0.2 % sodium cartjonate at 30*'C for 40 sec at a spray pressure of 1 .2 kg/cm^. 

Thereafter, the substrate was set up on a sandblasting machine SC-202 (product of Fuji Seisakusho K.K.) and the 

5 interlevel dielectric layer was sandblasted at a blast pressure of 2.5kg/cnrr^ for 2 min with silicon carbide particles (5 \i 
m) used as a grinding medium. Subsequently, the sandblast resistant coating was stripped by spraying an aqueous 
solution of 3 wt% sodium hydroxide at 45°C for 2 min. 

After stripping the sandblast resistant coating, the substrate was set up on the same sandblasting machine and 
sandblasted with silicon carbide particles (5 ji m) at a blast pressure of 2.5 kg/cm^ for 10 see in order to roughen the 

10 surface of the interlevel dielectric layer. The thus processed substrate was given a preliminary treatment for micro-etch- 
ing, micro-etched and subjected to direct electroplating as in Example 7, whereby a conductive layer was formed in a 
thickness of 5 ^ m within the via holes. Neither nicking nor delamination occun-ed in the interlevel dielectric layer, and 
the channels experienced neither shorts nor conduction failure due to the breakage of metal interconnecting lines. The 
plating time was 7 min. 

15 

COMPARATIVE EXAMPLE 8 

The insulating connposition of Comparative Example 5 was screen printed on a 1 -mm thick glass-epoxy resin lam- 
inated substrate having a copper metallization pattern formed on it. The screen was made of a polyester and had an 

20 opening size of 100 mesh/inch and the dielectric coating had a dry thickness of 20 ^ m. The applied dielectric coating 
was dried preliminarily at 80**C for 50 min and irradiated with ultraviolet rays (500 mJ/cm^) from an exposing machine 
HTE 1 02S (product of Hitec Products, Inc.) through a mask pattern capable of reproducing 20- \i m wide lines at spac- 
ings of 20 ji m, and spray developed with an aqueous solution of 1% sodium cartx)nate at 30**C for 40 sec at a spray 
pressure of 1.2 kg/cm^. Partial nicking occurred in the interlevel dielectric layer. After irradiation with UV rays (2 J/cm^) 

25 from the same exposing machine, the interlevel dielectric layer was heat cured at 1 SC^C for 50 min. The thus processed 
substrate was subjected to electroless plating by dipping in SHIPLEY CUPOSIT 250 for 1 h as in Comparative Exam- 
ples 5 - 7, whereupon a conductive layer was formed in a thickness of 5 |i m. Some channels experienced shorts. 

EXAMPLE 14 

30 

In Example 12, the formulation of Example 1 was used as a starting material for making an interlevel dielectric 
layer; in Example 13 and 14, the formulations of Examples 2 and 3 were respectively used as starting materials. Each 
formulations was blended on a triple-roll mill to form an insulating composition. The composition was screen printed on 
a 1 -mm thick glass-epoxy resin laminated substrate having a copper metallization pattern formed on it. The screen was 

35 made of a polyester and had an opening size of 1 00 mesh/inch and the dialectic coating had a dry thickness of 50 ^ m. 
In Examples 12 and 13. the applied dielectric coating was heat cured at ISO^'C for 50 min; in Example 1 4, the applied 
dielectric coating was dried preliminarily at 80°C for 50 min, subjected to full -frame exposure to UV light (500 mJ/cm^) 
from an ultrahigh-pressure mercury vapor lamp equipped exposing machine. "HTE 102S" of Hitec Products, Inc., and 
finally heat cured at 1 50°C for 50 min. 

40 Subsequentiy, the surface of the interlevel dielectric layer was roughened by buffing to an average surface rough- 
ness (Ra) of 4 m. 

To each of the surface roughened interlevel dielectric layers, a light-sensitive dry film, ORDYL BF-603 (product of 
Tokyo Ohka Kbgyo Co., Ltd.), was applied as a sandblast resistant coating by thermocompression bonding at 70**C. The 
applied film was then irradiated with ulti-aviolet rays (300 mj/cm^ from HTE 102S through a predetermined mask pat- 
45 tern and spray developed with an aqueous solution of 0.2 % sodium carbonate at SQ^C for 40 sec at a spray pressure 
of 1 ,2 kg/cm^. 

Thereafter, tiie substrate was set up on a sandblasting machine SC-202 (product of Fuji Seisakusho K.K.) and tiie 
interlevel dielectric layer was sandblasted at a blast pressure of 2.5 kg/cm^ for 6 min with silicon carbide particles (25 \i 
m) used as a grinding medium. Subsequentiy. the sandblast resistant coating was sti-ipped by spraying an aqueous 
50 solution of 3 wt% sodium hydroxide at 45*'C for 2 min. 

After stripping the sandblast resistant coating, the substi'ate was desmeared according to SHIPLEY THERCU- 
POSIT 200MLB PROCESS and tiien dipped in an electroless plating solution SHIPLEY CUPOSIT 250 (Shipley Com- 
pany Inc.) for 5 h to form a conductive layer in a tiiickness of 25 n m. 

The individual substi'ate samples were evaluated for the shape of via holes, the presence of undercuts, resistance 
55 to the heat of solder, insulation resistance and peeling strength by tiie methods and criteria already described above. 
The results are shown in Table 4. 
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TABLE 4 





Example 




12 


13 


14 


Shape of via holes 


Inwardly tapered 


Inwardly tapered 


Inwardly tapered 


Undercuts 


No 


No 


No 


Insulation resistance 


>10^2 


>10^2 


>10l2 


Resistance to the heat of solder 


Good 


Good 


Good 


Peeling strength kg/cm 


2.0 


1.9 


1.8 



EXAMPLE 15 

Ten parts by weight of 2-mercaptobenzothiazole was added as a catalyst poison to the formulation of Example 12, 
which was then blended on a triple-roll mill, thereby forming an insulating composition. The composition was screen 
printed on a 1-mm thick glass-epcxy resin laminated substrate having a copper metallization pattern formed on it. The 
screen was made of a polyester and had an opening size of 100 mesh/inch and the dielectric coating had a dry thick- 
ness of 25 n m. The substrate was subsequently processed as in Example 12 to form via holes in selected areas of the 
interlevel dielectric layer, except that the sandblasting time was 3 min. The thus processed substrate was desmeared 
according to a SHIPLEY THERCUPOSIT 200MLB PROCESS and thereafter dipped in an electroless plating solution 
SHIPLEY CUPOSIT 250 {product of Shipley Company Inc.) for 5 h to fill each via hole with a conductive layer In a thick- 
ness of 25 \i m. The surface of the interlevel dielectric layer had neither copper deposit nor discoloration due to the elec- 
troless plating but featured a very high degree of smoothness. 

EXAMPLE 16 

The insulating composition of Example 12 was screen printed on a 1-mm thick glass-epoxy resin laminated sub- 
strate having a copper metallization pattern formed on it. The screen was made of a polyester and had an opening size 
of 1 00 mesh/inch and the dielectric coating had a dry thickness of 20 \i m. The applied coating was heat cured at 1 SO'^C 
for 50 min to form an interlevel dielectric layer, which was thereafter roughened by means of a belt sander. To the thus 
treated interlevel dielectric layer, a light-sensitive dry film. ORDYL BF-603 (product of Tokyo Ohka Kogyo Co., Ltd.), was 
applied as a sandblast resistant coating by thermocompression bonding at 70*C. The applied film was then irradiated 
with ultraviolet rays (300 mJ/cm^) from an ultrahigh-pressure mercury vapor lamp equipped exposing machine HTE 
102S (product of Hitec Products. Inc.) through a mask pattern capable of reproducing 20 n m wide lines at spacings of 
20 PL m. and spray developed with an aqueous solution of 0.2% sodium carbonate at 30*'C for 40 sec at a spray pressure 
of1.2kg/cm2 

Thereafter, the sandblast resistant coating was stripped by spraying an aqueous solution of 4 wt% sodium hydrox- 
ide at 50° C for 1 min. 

After stripping the sandblast resistant coating, the substrate was desmeared according to SHIPLEY THERCU- 
POSIT 200MLB PROCESS and then dipped in an electroless plating solution SHIPLEY CUPOSIT 250 (Shipley Com- 
pany Inc.) for 1 h to form a conductive layer in a thickness of 5 ^ m. Neither nicking nor delamination occurred in the 
interlevel dielectric layer, and the channels experienced neither shorts nor conduction failure due to the breakage of 
metal interconnecting lines. 

EXAMPLE 17-19 

In Example 17. the formulation of Example 1 was used as a starting material for making an interlevel dielectric 
layer; in Examples 18 and 1 9. the formulations of Examples 2 and 3 were respectively used as starting materials. Each 
formulation was blended on a triple-roll mill to form an insulating composition. The composition was screen printed on 
a 1-mm thick glass-epoxy resin laminated substrate having a copper metallization pattern formed on it. The screen was 
m^e of a polyester and had an opening size of 100 mesh/inch and tiie dielectric coating had a dry tiiickness of 50 
m. In Examples 17 and 18. the applied dielectric coating was heat cured at 150**C for 50 min; in Example 19, the applied 
dielectric coating was dried preliminarily at 80''C for 50 min, subjected to full-frame exposure to UV light (500 mJ/cm^) 
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from an ultrahigh-pressure mercury vapor lamp equipped exposing machin . "HTE 102S" of Hitec Products. Inc.. and 
finally heat cured at 1 SO^'C for 50 min. 

Subsequently, th surface of the interlevel dielectric layer was roughened by buffing to an average surface rough- 
ness (Ra) of 5 ^ m. 

To each of the surface roughened interlevel dielectric layers, a light-sensitive dry film. ORDYL BF-603 (product of\ 
Tokyo Ohka Kbgyo Co., Ltd.). was applied as a sandblast resistant coating by thermocompression bonding at 70**C: The 
applied film was then irradiated with ultraviolet rays (300 mJ/cm^ from HTE 102S through a predetermined mask pat- 
tern and spray developed with ah aqueous solution of 0.2% sodium carbonate at 30°C for 40 sec at a spray pressure 
of 1 .2 kg/cm^. 

Thereafter, the substrate was set up on a sandblasting machine SC-202 (product of Fuji Seisakusho K.K.) and the 
interlevel dielectric layer was sandblasted at a blast pressure of 2.5 kg/cm^ for 6 min with silicon carbide particles (25 p. 
m)used as a grinding medium. Subsequently, the sandblast resistant coating was stripped by spraying an aqueous 
solution of 3 wt% sodium hydroxide at 45°C for 2 min. 

After stripping the sandblast resistant coating, the substrate was washed with water and dipped in an aqueous solu- 
tion of sodium hydroxide (10g/L) for 5 min at a temperature of 50**C before micro-etching was applied by dipping in an 
aqueous solution of the following formulation at SO^'C for 6 min. 

(Micro-etching solution) 



Potassium permanganate 


50g 


Potassium hydroxide 


20g 


Water 


I.OOOg 



Thereafter, each substrate was subjected to copper plating in a copper pyrophosphate bath (for its formulation, see 
below) under the conditions also set forth below. 

(Plating bath) 



Copper pyrophosphate 


60-80 g/L 


Potassium pyrophosphate 


250-400 g/L 


Aqueous ammonia 


0.5-1 mLTL 


Gloss agent 


q.s. 



(Plating conditions) 



Temperature 


50-60<'C 


Current density at cathode 


30-50 A/ft^ 



The copper plating allowed a conductive layer to be formed in a tinickness of 25 n m on tine substrate surface. TTie 
plating time was 35 min. 

The individual substrate samples were evaluated for the shape of via holes, the presence of undercuts, resistance 
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to the heat of solder, insulation resistanc and peeling strength by the methods and criteria already described above. 
The results are shown in Table 5. 



TABLE 5 





Example 




17 


18 


19 


Shape of via holes 


Inwardly tapered 


Inwardly tapered 


Inwardly tapered 


Undercuts 


No 


No 


No 


Insulation resistance 




>1012 


>10l2 


Resistance to the heat of solder 


Good 


Good 


Good 


Peeling strength kg/cm 


2.0 


1.9 


1.8 



20 EXAMPLE 20 

Ten parts by weight of 2-mercaptobenzothiazoie was added as a catalyst poison to the formulation of Example 1 7, 
which was then blended on a triple-roll mill, thereby forming an insulating composition. The composition was screen 
printed on a 1 -mm thick glass-epoxy resin laminated substrate having a copper metallization pattern formed on it. The 

25 screen was made of a polyester and had an opening size of 100 mesh/inch and the dielectric coating had a dry thick- 
ness of 25 \i m. The substrate was subsequently processed as in Example 1 7 to form via holes in selected areas of the 
interlevel dielectric layer, except that the sandblasting time was 3 min. The substrate was then given a preliminary treat- 
ment for micro-etching, micro-etched and subjected to direct electroplating as in Example 17, whereby the via holes 
were filled with a conductive layer in a thickness of 25 \i m. The surface of the interlevel dielectric layer had neither cop- 

30 per deposit nor discoloration due to the electroplating but featured a very high degree of smoothness. The plating time 
was 20 mIn. 

EXAMPLE 21 

35 The insulating composition of Example 17 was screen printed on a 1-mm thick glass-epoxy resin laminated sub- 
strate having a copper metallization pattern formed on it. The screen was made of a polyester and had an opening size 
of 100 mesh/inch and the dielectric coating had a dry thickness of 20 ^ m. The applied dielectric coating was heat cured 
at 150**C for 50 min to form an interlevel dielectric layer Thereafter, the substrate was set up on a sandblasting machine 
SC-202 (product of Fuji Seisakusho K.K.) and the interlevel dielectric layer was sandblasted at a blast pressure of 2.5 

40 kg/cm^ for 10 sec with silicon carbide particles (5 |i m) used as a grinding medium. To the surface roughened interlevel 
dielectric layer, a light-sensitive dry film, ORDYL BF-603 (product of Tokyo Ohka Kogyo Co.. Ltd.). was applied as a 
sandblast resistant coating by thermocompression bonding at 70°C. The applied film was then Irradiated with ultraviolet 
rays (300 mJ/cm^) from an ultrahigh-pressure mercury vapor lamp equipped exposing machine HTE 102S (product of 
Hitec Products. Inc.) through a mask pattern capable of reproducing 20 m wide line at spacings of 20 ^ m. and spray 

45 developed with an aqueous solution of 0.2 % sodium cartx}nate at 30''C for 40 sec at a spray pressure of 1 .2 kg/cm^. 

Thereafter, the substrate was set up on the same sandblasting machine and sandblasted with silicon carbide par- 
ticles (5 ^ m) at a blast pressure of 2.5 kg/cm^ for 2 min; subsequently, the sandblast resistant coating was stripped by 
spraying an aqueous solution of 3 wt% sodium hydroxide at 45°C for 2 min. 

The thus processed substrate was given a preliminary treatment for micro-etching, micro-etched and subjected to 

50 direct electroplating as in Example 1 7, whereby a conductive layer was formed in a thickness of 5 ^ m within the via 
holes. Neither nicking nor delamination Occurred in the interlevel dielectric layer, and the channels experienced neither 
shorts nor corduction failure due to the breakage of metal interconnecting lines. The plating time was 7 min. 

EXAMPLE 22-24 AND COMPARATIVE EXAMPLE 9-1 1 

55 

In Example 22, the formulation of Example 1 was used as a starting material for making an interlevel dielectric 
layer; in Examples 22 and 23 and in Comparative Examples 9 - 1 1 , the formulations of Examples 2 and 3 and those of 
Comparative Examples 1-3 were respectively used as starting materials. Each formulation was blended on a triple-roll 
mill to form a heat or photocurable electrically insulating composition. The composition was screen printed on a 1 -mm 
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thick glass-epoxy resin laminated substrate having a copper metallization pattern formed on it. The screen was made 
of a polyester and had an opening size of 100 mesh/inch and the insulating coating had a dry thickness of 50 \i m. In 
Examples 22 and 23. th applied insulating coating was slightly cured by heating at 90**C for 40 min. and in Example 
24. the insulation coating was also slightly cured by heating at 100**C for 30 min. 
5 To each of the slightly cured insulating layers, a light-sensitive dry film. ORDYL BF-603 T-3 (product of Tokyo Ohka 

Kogyo Co.. Ltd.; film thickness = 30ii m), was applied as a sandblast resistant coating by thermocompression bonding 
at 100°C. The applied film was then irradiated with ultraviolet rays (30 mJ/cm^) from HTE 102S through a predeter- 
mined mask pattern and spray developed with an aqueous solution of 0.2 % sodium carbonate at 30°C for 40 sec at a 
spray pressure of 1 .2 kg/cm^. 

10 Thereafter, the substrate was set up on a sandblasting machine SC-202 (product of Fuji Seisakusho K.K.) and the 
slightly cured insulation coating was sandblasted to form via holes at a blast pressure of 1 .5 kg/cm^ for 5 min with silicon 
carbide particles (25 \i m) used as a grinding medium. Subsequently, the patterned sandblast resistant coating was 
stripped by spraying an aqueous solution of 3 wt% sodium hydroxide at 45*C for 2 min. Neither nicking nor delamination 
occurred in the electrically insulating layer during the stripping step. The shape of the via holes was satisfactory. 

IS After stripping the patterned sandblast resistant coating, the substrate was washed with water and. subsequently, 
th slightly cured insulating layer was heat cured at 1 50**C for 50 min to form an interlevel dielectric layer. The substrate 
was again set up on the same sandblasting machine and the surface of the interlevel dielectric layer was roughened by 
sandblasting at a blast pressure of 2.5 kg/cm^ for 1 min; the thus processed substrate was dipped in an aqueous solu- 
tion of sodium hydroxide (10 g/L) for 5min at a temperature of 50*C before micro-etching was applied by dipping in an 

20 aqueous solution of the following formulation at 80**C for 6 min. 

(Micro-etching solution) 



Potassium permanganate 


50g 


Potassium hydroxide 


20g 


Water 


1 .OOOg 



Thereafter, the substrates of Examples 22 and 23 were subjected to electroless copper plating in a bath of the fol- 
35 lowing formulation. 

(Plating bath) 





Copper(supplied as copper sulfate) 


2.8 g/L 




Formaldehyde 


3.5 g/L 


4S 


Sodium hydroxide 


10-11 g/L 




EDTA 


q.s. 



so The electroless copper plating allowed a conductive layer to be formed in a thickness of 25 ^ m over the substrate 
surface. The plating time was 15 h. * 

In Exanrtple 24, the substrate was dipped in an aqueous solution of palladium colloid particles (0.05 \i m; concen- 
tration = 2g/L) for 10 min and then subjected to copper plating in a copper pyrophosphate bath (for its formulation, see 
below) under the conditions also set forth below. 



20 
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5 


Copper pyrophosphate 


60-80 gA. 




Potassium pyrophosphate 


250-400 g/L 




Aqueous ammonia 


0.5-1 mlTL 


10 


Gloss agent 


q.s. 



(Plating conditions) 

15 



Temperature 


50-60*»C 


Current density at cathode 


30-50 A/fl2 



The copper plating allowed a conductive layer to be formed in a thickness of 25 m on the substrate surface. The 
25 plating time was 35 min. 

In Comparative Examples 9 - 1 1 . the insulating composition was screen printed on a 1 -mm thick glass-epoxy resin 
laminated substrate to form a coating in a dry tiiickness of 50 ji m. The applied coating was dried preliminarily at SO^C 
for 90 min and irradiated with ultraviolet rays (500 mJ/cm^) from an ultrahigh-pressure mercury vapor lamp equipped 
machine, HTE 102S (product of Hitec Products, Inc.), through a mask pattern. Subsequentiy, the insulation coating was 
30 spray developed with an aqueous solution of 1 % sodium cart)onate at 30°C for 40 sec at a spray pressure of 1 .2 kg/cm^, 
thereafter irradiated with ultraviolet rays (5 J/cm^) from tiie same exposing machine and finally heat cured at ISO^'C for 
50 min. 

Thereafter, the samples of Comparative Examples 9 and 10 were subjected to electroless plating under the same 
conditions as used in Example 22, whereas the sample of Comparative Example 1 1 was subjected to direct electroplat- 
es ing under the same conditions as used in Example 24. 

The individual substrates were evaluated for the shape of via holes, the presence of undercuts, resistance to tiie 
heat of solder, insulation resistance and peeling strength by the methods and criteria already described above. The 
results are shown in Table 6. 



TABLE 6 





Example 


Comparative Exannple 




22 


23 


24 


9 


10 . 


11 


Shape of via 
holes 


Inwardly 
tapered 


Inwardly 
tapered 


Inwardly 
tapered 


Trapezoidal 


Trapezoidal 


Trapezoidal 


Undercuts 


No 


No 


No 


Yes 


Yes 


Yes 


Insulation resist- 
ance 


>10^2 


>10^2 


>10^2 


<10^^ 




>10^2 


Resistance to 
the heat of sol- 
der 


Good 


Good 


Good 


Good 


Poor 


Poor 


Peeling 

strength kg/cm 


1.2 


1.0 


1.0 


0.4 


0.4 


0.4 
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EXAMPLE 25 

. An electrically insulating composition was prepared as in Example 24 and screen printed on a 1-mm thick glass- 
epoxy resin laminated substrate to form a film in a dry thickness of 50 p. m. The applied film was dried preliminarily at 
70°C for 30 rriln. then heat cured at 150**C for 30 min to form an interlevel dielectric layer. To this interleve! dielectric 
layer, a light-sensitive dry film, ORDYS BF-603 T-3 (product of Tokyo Ohka Kogyo co., Ltd.; film thickness = 30 ^l m). 
was applied as a sandblast resistant coating by thermocompression bonding at 100**C. The applied film was then irra- 
diated with ultraviolet rays (300 mJ/cm^) from HTE 102S through a predetermined mask and spray developed with an 
aqueous solution of 0.2% sodium carbonate at 30**C for 40 sec at a spray pressure of 1 .2 kg/cm^. 

Thereafter, the substrate was set up on a sandblasting machine SC-202 (product of Fuji Seisakusho K.K.) and the 
Interlevel dielectric layer was sandblasted at a blast pressure of 1 .5 kg/cm^ with silicon carbide particles (25 \i m) used 
as a grinding medium. The sandblasting operation required 40 min for completion. 

^XAMPL^ 26 

Ten parts by weight of 2-mercaptobenzothiazole was added as a catalyst poison to the formulation of Example 22, 
which was then blended on a triple-roll mill to form a heat or phtocurable electrically insulating composition. The com- 
position was screen printed on a 1-mm thick glass-epoxy resin laminated substrate having a copper metallization pat- 
tern formed on it. The screen was made of a polyester and had an opening size of 100 mesh/inch and the insulating 
coating had a dry thickness of 25 n m. The substrate was subsequently processed as in Example 22 to form via holes 
in selected areas of the interlevel dielectric layer, except that the sandblasting time was 3 min. The substrate was tiien 
given a preliminary treatment for micro-etching, micro-etched and subjected to electroless plating as in Exannple 22, 
whereby the via holes were filled with a conductive layer in a thickness of 25 ^ m. The surface of the interlevel dielectric 
layer had neither copper deposit nor discoloration due to the electroless plating but featured a very high degree of 
smoothness. The plating time was 5 h. 

EXAMPLE 27 

A photo- or heat-curable electrically insulating composition was prepared as in Example 22 and screen printed on 
a 1 -mm thick glass-epoxy resin laminated substrate having a copper metallization pattern formed on it. The screen was 
made of a polyester and had an opening size of 100 mesh/inch and the insulating coating had a dry thickness of 20 ji 
m. The applied insulating coating was slightly cured by heating at 90*C for 40 min and, thereafter, a light-sensitive dry 
film ORDYL BF-602 T-3 (product of Tokyo Ohka Kogyo Co., Ltd.; film thickness = 20 ^ m) was applied as a sandblast 
resistant coating onto the slightly cured electrically insulating layer by thermocompression bonding at 70°C. Subse- 
quentiy. the applied film was Irradiated with ultraviolet rays (300 mJ/cm^) from an ultrahigh-pressure mercury vapor 
lamp equipped exposing machine HTE 102S (product of Hitec Products, Inc.) through a mask pattern capable of repro- 
ducing 30 |i m in diamter dots and spray developed with an aqueous solution of 0.2 % sodium carbonate at 30**C for 40 
sec at a spray pressure of 1 .2 kg/cm^. 

Thereafter, the substrate was set up on a sandblasting machine SC-202 (product of Fuji Seisakusho K.K.) and the 
slightly cured insulation layer was sandblasted at a blast pressure of 1 .5 kg/cm^ for 2 min with silicon carbide particles 
(5 m) used as a grinding medium. Subsequentiy. the sandblast resistant coating was stripped by spraying an aqueous 
solution of 3 wt% sodium hydroxide at 45°C for 2 min. 

After stripping the sandblast resistant coating, the substrate was washed with water and, subsequentiy, the sitghtiy 
cured insulating layer was heat cured at 150**C for 50 min to form an interlevel dielecti^ic layer. The substi"ate was ttien 
set up on the same sandblasting machine and the surface of the interlevel dielectric layer was roughened by sandblast- 
ing at a blast pressure of 2.5 kg/cm^ for 10sec; the tiius processed substrate was given a preliminary treatment for 
micro-etching, micro-etched and subjected to direct electroplating as in Example 24, whereby a conductive layer was 
forrhed in a tiiickness of 5 ji m within the via holes. Neither nicking nor delamination occurred in the interlevel dielectric 
layer, and the channels experienced neitiier shorts nor conduction failure due to tiie breakage of metal interconnecting 
line. The plating time was 7 min. 

EXAMPLE 28 

Ten parts by weight of 2-mercaptobenzothiazole was added as a catalyst poison to the formulation of Example 1 , 
which was then blended on a fiple-roll mill, thereby forming a heat or photocurable electi'ically insulating composition. 
The composition was screen printed on a 1 -mm thick glass-epoxy resin laminated substi-ate using a polyester screen 
having an opening size of 100 mesh/inch. The substrate had been polished by buffing to an average surface roughness 
of 5 ^ m. The applied insulating coating had a dry tiiickness of 25 m and was slightiy cured by heating at 90°C for 40 
min. 
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Thereafter, a light-sensitive dry film ORDYL BF-603 T-3 (supra) was applied as a sandblast resistant coating onto 
the slightly cured electrically insulating layer by thermocompression bonding at lOO^'C. Subsequently, the applied film 
was irradiated with ultraviolet rays (300 mJ/cm^) from HTE 102S through a mask pattern capable of reproducing 100 ^ 
m wide lines at spacings of 50 |i m, and spray developed with an aqueous solution of 0.2 % sodium carbonate at a spray 
pressur of 1 .2 kg/cm^ for 40 sec at 30*'C. 

Thereafter, the substrate was set up on a sandblasting machine SC-202 (Fuji Seisakusho K.K.) and the insulating 
layer was sandblasted at a blast pressure of 1 .5 kg/cm^ for 5 min with silicon carbide particles (25 ^ m) used as a grind- 
ing medium, whereby trenches were formed in the insulating layer. Subsequently, the patterned sandblast resistant 
coating was stripped by spraying an aqueous solution of 3 wt% sodium hydroxide at 45^*0 for 2 min. 

After stripping the patterned sandblast resistant coating, the substrate was washed with water and the slightly 
cured electrically insulating layer was heat cured at 150''C for 50 min to form an interlevel dielectric layer. The thus proc- 
essed substrate was dipped in an aqueous solution of sodium hydroxide (10g/L) for 5 min at SO^'C before it was sub- 
jected to electroless plating in a bath of the following formulation. 

(Plating bath) 



Copper(suppiied as copper sulfate) 


2.8 g/L 


Formaldehyde 


3.5 g/L 


Sodium hydroxide 


10-11 g/L 


EDTA 


q.s. 



The electroless copper plating allowed a conductive layer to be formed in a thickness of 25 m within the trenches. 
The surface of the interlevel dielectric layer was absent from copper deposit or discoloration due to the electroless plat- 
ing and recurred a very high degree of smoothness. 

The substrate was then set up on the same sandblasting machine SC-202 and the surface of the interlevel dielec- 
tric layer was roughened by sandblasting at a blast pressure of 2.5 kg/cnn^ for 1 min with silicon carbide particles (25 ^ 
m) used as a grinding medium. In a separate step, the formulation of Exarrple 1 was blended on a triple-roll mill to pre- 
pare an insulating composition, which was screen printed on the interlevel dielectric layer having the corrductive layer 
formed in the trenches. The screen was made of a polyester and had an opening size of 100 mesh/inch and the Insu- 
lation coating had a dry thickness of 25 n m. The applied insulating coating was slightly cured by heating at 90^*0 for 40 
min. 

To the slightly cured electrically insulating layer, a light-sensitive dry film ORDYL BF-603 T-3 (supra) was applied as 
a sandblast resistant coating by thermoconnpression trending at 100**C, Then, in order to form via holes (50 (i m 0) for 
bridging two spaced conductive layers, the sandblast resistant coating was irradiated with ultraviolet rays (300 rrvJ/cm^) 
from HTE 102S (supra) through a predetermined mask pattern and spray developed with an aqueous solution of 0.2% 
sodium carbonate at a spray pressure of 1 .2 kg/cm^ for 40 sec at 30**C. 

Thereafter, the substrate was set up on the same sandblasting machine (SC-202) and the insulating layer was 
sandblasted at a blast pressure of 1.5 kg/cm^ for 5 min with silicon carbide particles (25 jn m) used as a grinding 
medium, urrtil the conductive layer in the underlying interlevel dielectric layer became exposed. With via holes being 
thus formed, the patterned sandblast resistant coating was stripped by spraying an aqueous solution of 3 wt% sodium 
hydroxide at 45" C for 2 min. 

After stripping tine patterned sandblast resistant coating, the subsfrate was washed witii water and set up on the 
same sandblasting machine (SC-202); tiiereafter, tine exposed surface of the second interlevel dielectric layer was 
roughened by sandblasting at a blast pressure of 2.5 kg/cm^ for 1 min with silicon carbide particles (25 ^ m) used as a 
grinding medium. 

The tiius processed substrate was dipped in an aqueous solution of sodium hydroxide (10 g/L) at a temperature of 
50*^0 for 5 min before it was subjected to micro-etching by dipping in an aqueous solution of tiie following formulation 
at 80**C for 6 min. 
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(Micro-etching solution) 



Potassium permanganate 


50g 


Potassium hydraxide 


■20g 


Water 


1,000 g 



Thereafter, the substrate was subjected to copper plating in a copper pyrophosphate bath (for its formulation, see 
below) under the conditions also set for the below. 

(Plating bath) 



Copper pyrophosphate 


60-80 g/L 


Potassium pyrophosphate 


250-400 g/L 


Aqueous ammonia 


0.5-1 mlTL 


Gloss agent 


q.s. 



(Plating conditions) 



Temperature 


50-60<»C 


Current density at cathode 


30-50 A/ft^ 



The copper plating allowed a conductive layer to be formed in a thickness of 15 fi m within the via holes and over 
th second interlevel dielectric layer. The plating time was 21 min. 

Subsequently, a dry film resist, ORDYL a-400 (product of Tokyo Ohka Kogyo Co.. Ltd.) was applied to the 15 m 
thick conductive layer by thermocompression bonding at 100'*C. Then, in order to bridge two spaced conductive layers 
in the first level, the resist layer was irradiated with ultraviolet rays (300 mj/cm^) from HTE 102S through a predeter- 
mined mask pattern capable of forming a pattern consisting of circles of 70 )i m In diameter corresponding to the via 
holes and bridging lines of 50 ^ m in width and spray developed with an aqueous solution of 0.2% sodium carbonate at 
a spray pressure of 1 .2 kg/cm^ for 40 sec at 30°C. 

Finally, the substrate was etched with an aqueous solution of cupric chloride (CI concentration=80-100 g/L; specific 
gravity^ 1 .2) at 80**C for 1 0 min and thoroughly washed with water. 

The resulting bridging pattern had neither nicking nor delamination and exhibited good electrical connection to the first 
\&/e\ of conductive layers. 

Claims 

1 . A process for producing a mulitlayer wiring board that has plurality of conductor patterns (2) and an interlevel die- 
lectric layer (3) on at least one surface of a substrate (1), with via holes (5) and/or trench-like channels (8) being 
provided at specified sites of said interlevel dielectric layer (3) to establish an electrical interconnection between 
said conductor patterns (2), characterized in that prior to the provision of said via holes (5) and/or trench-like chan- 
nels (8), a coating (4) having resistance to sandblasting is formed in a pattern over the interlevel dielectric layer (3) 
and then sandblasting is performed to remove the interlevel dielectric layer (3) in selected areas to form the via 
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holes (5) and/or trench-like channels (8) and, thereafter, the coating (4) having resistance to sandblasting is 
removed, followed by the provision of a conductive layer (7). 

2. A process according to claim 1 , wherein the interievel dielectric layer (3) is formed by slightly curing a heat or photo- 
curable electrically insulating layer (3a), removing the slightly cured insulating layer (3a) in selected areas by sand- 
blasting, and heat curing the remaining insulating layer (3a). 

3. A process according to claim 1 , which further includes the step of roughening the surface of the interievel dielectric 
layer (3). 

4. A process according to claim 3, wherein the coating (4) having resistance to sandblasting is removed before the 
surface of the interievel dielectric layer (3) is roughened and then the conductive layer (7) is provided. 

5. A process according to claim 3, wherein the surface of the interievel dielectric layer (3) is roughened before the 
coating (4) having resistance to sandblasting is formed in a pattern over said layer (3). 

6. A process according to any of the claims 3 to 5, wherein the surface of the interievel dielectric layer (3) is roughened 
to an average surface roughness (Ra) of 0.1-10 ^im. 

7. A process according to any of the claims 1 to 6, wherein the conductive layer (7) is provided by electroless plating. 

8. A process according to any of the claims 1 to 6. wherein the conductive layer (7) is provided by direct electroplating. 

9. A process according to any of the claims 1 to 8, wherein the coating (4) having resistance to sandblasting is made 
of a light-sensitive resin. 

10. A process according to claim 9. wherein the coating (4) having resistance to sandblasting is made of a light-sensi- 
tive resin containing a urethane(meth) acrylate oligomer, a water-soluble cellulosic resin, a photopolymerization ini- 
tiator and a (meth)acrylate monomer. 

11 . A process according to any of the claims 1 to 10, wherein a sulfur-containing organic compound is incorporated in 
the interievel dielectric layer (3). 

12. A process according to any of the claims 1 to 1 1 , wherein the interievel dielectric layer (3) is made of at least one 
member of the group consisting of an epoxy resin, a polyphenolic resin, a novolak resin, a polyamide resin and a 
polyimide resin. 

13. A process according to claim 2, wherein the heat or photocurable electrically insulating layer {3a) is slightly cured 
at a temperature of 70-1 1 0'*C. 

14. A process according to claim 2 or 3. wherein the slightly cured electrically insulating layer (3a) is converted to the 
interievel dielectric layer (3) either by exposure to light or by heat curing at a temperature excessing 1 10'C but not 
higher than 200"C. 

15. A multilayer wiring board produced by the process of any of the claims 1 to 14. 
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Fig 6 
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